Nurses in the emergency department usually do not evaluate the cervical spine of trauma patients, and they routinely send all immobilized patients to the emergency department's resuscitation room. We believe that nurses could safely evaluate alert patients who have arrived by ambulance and whose condition is stable and could "clear" immobilization of the cervical spine of low-risk patients upon arrival at the triage station. 11 Patients could then be much more rapidly, comfortably and efficiently managed in other areas of the emergency department. An expanded decision-making role for nurses has the potential to improve the efficiency of trauma care in all Canad ian hospitals. Very little research has been done to determine the ability of nurses to clear immobilization of the cervical spine. [12] [13] [14] [15] Our objective in this study was to prospectively evaluate the accuracy, reliability and acceptability of the Canadian C-Spine Rule when used by nurses to assess patients' need for immobilization.
Methods

Study design and setting
We conducted this prospective cohort study in the emergency departments of two large teaching hospitals and four smaller community hospitals with a combined annual volume of about 210 000 visits to the emergency department. The teaching hospitals were located in Ottawa, Ontario (population 900 000), and each of the two emergency departments had an annual census of 60 000 patients and was staffed by full-time certified emergency physicians and emergency medicine residents. The community hospitals were located in small towns (population 6000 to 8000) near Ottawa, and each of the emergency departments had an annual census of 15 000 to 25 000 patients and was staffed by full-time and part-time emergency physicians.
Patient population
We enrolled consecutive alert adults who were in stable condition and who presented with potential cervical spine injury after acute blunt trauma, including patients with posterior neck pain and those presenting by ambulance with immobilization of the cervical spine. The patients had to be alert and cooperative, with a Glasgow Coma Scale 16 score of 15; their condition had to be stable, with normal vital signs as defined by the Revised Trauma Score; 17 The Canadian C-Spine Rule to rule out cervical spine injury, adapted for use by nurses. The rule is intended for patients who have experienced trauma, who are alert (score on Glasgow Coma Scale = 15) and whose condition is stable. *The following mechanisms of injury were defined as dangerous: fall from elevation of more than 3 ft (91 cm) or five stairs, axial load to the head (e.g., diving injury), motor vehicle collision at high speed (> 100 km/h), motor vehicle collision involving a rollover or ejection, injury involving a motorized recreational vehicle, bicycle-related injury (rider struck or collision). †Simple rear-end motor vehicle collisions exclude incidents in which the patient was pushed into oncoming traffic or was hit by a bus, large truck or vehicle travelling at high speed, as well as rollovers; all such incidents would be considered high risk. ‡Neck pain with delayed onset is any pain that did not occur immediately following the precipitating incident. stenosis or previous cervical spine surgery); and those who were returning for reassessment of a previously treated injury or who had been referred from another hospital. The research ethics board of each hospital approved the study without the need for informed patient consent at the time of the visit to the emergency department.
Study nurses and training
Typically 30%-50% of the more experienced nurses in the study emergency departments undergo additional training to perform the triage role. For these nurses, we developed unique training tools for the Canadian C-Spine Rule, including a computer-based one-hour auto-tutorial CD and a onehour practical session. The self-teaching CD included PowerPoint slides on evidence for and application of the rule, video demonstrations of techniques, questions and answers, and case studies. During each practical session, a nurse educator met with small groups of nurses to review the rule, demonstrate techniques, answer questions and provide three patient scenarios for hands-on training to each nurse. The nurse educator used a performance checklist to evaluate each nurse during the patient scenarios and to ensure the nurse's competence in applying the rule. In addition, each nurse had to complete and pass a written test to be certified in cervical spine assessment. We conducted a "train-the-trainer" teaching day to prepare local champion-trainers for each site. Several pages from the training CD, as well as the checklist, test and certificate, are presented in Appendix 1, available at www.cmaj.ca/cgi /content/full/cmaj.091430/DC1.
The triage nurses assessed all eligible trauma patients who were alert and in stable condition and who arrived by ambulance, recording their findings on a data form. Although the nurses temporarily loosened patients' cervical collars to assess tenderness and range of motion, if applicable, they did not remove immobilization or otherwise attempt to clear immobilization of the cervical spine in this validation study. Where possible, on a convenience basis, a nurse or physician colleague was asked to independently assess the same patient to allow determination of interobserver agreement. These secondary assessments were performed on a voluntary and nonsystematic basis. We also conducted brief retraining sessions over the course of the study and circulated regular newsletters to participating nurses.
Outcome measures and data collection
We screened all potentially eligible patients and kept a log of those for whom a data form was not completed (i.e., patients not enrolled). We obtained data for patients' characteristics and outcomes, including imaging of the cervical spine, admission, surgery and adverse outcomes, from the emergency department chart and electronic hospital records. The primary outcome was clinically important cervical spine injury, defined as any fracture, dislocation or ligamentous instability requiring internal fixation or treatment with a halo, brace or rigid collar. 18 All injuries were considered clinically important unless imaging demonstrated the following clinically unimportant injuries: isolated avulsion fracture of osteophyte, isolated fracture of transverse process not involving a facet joint, isolated fracture of spinous process not involving lamina or simple compression fracture involving less than 25% of vertebral body height. Radiographs were interpreted by independent staff radiologists who were given routine clinical information on the requisition but were blinded to the contents of the data collection sheet. A surveillance strategy was implemented to identify missed fractures or serious adverse outcomes. We monitored each emergency department's patient visit logs for 30 days to identify return visits by patients who did not undergo imaging during their initial visit. This monitoring encompassed the regional neurosurgical centre, which was one of the study hospitals and which was the spine injury referral hospital for all of the other study hospitals.
Statistical analysis
We examined demographic and clinical characteristics using simple descriptive statistics. We assessed interobserver agreement with the kappa statistic. We determined nurses' accuracy in overall interpretation of the rule (immobilization required v. no immobilization required) by comparing the nurse's response on the data collection form for each patient with the "gold standard" interpretation of the rule made by the investigators, based on a review of all clinical notes. The accuracy of the rule was evaluated with measures of sensitivity, specificity and potential impact on clinical clearance rates with 95% confidence intervals (CIs). Finally, we compiled the responses to a five-point Likert scale question about nurses' comfort with use of the rule, in a simple descriptive format.
Results
From April 2005 to Jan. 31, 2008, a total of 4739 eligible patients presented to the six participating emergency departments, and a total of 191 participating triage nurses enrolled and assessed 3633 (76.7%) of these patients. The participating nurses had the following characteristics: 152 women (79.6%), 56 (29.3%) with a baccalaureate degree, mean of 19 years in nursing, mean of 11 years in the emergency department and mean of 28 hours worked per week.
The 3633 patients who were evaluated ranged in age from 16 to 100 years, 2696 (74.2%) arrived by ambulance, and 42 (1.2%) had clinically important injuries of the cervical spine (Table 1) . Enrolment ranged from 222 at one of the community hospitals to 1237 at one of the teaching hospitals, and individual nurses assessed between 1 and 166 patients. Although the two teaching hospitals had more patients than the community hospitals, they also had four to five times more nurses participating in the study. The prevalence of cervical spine injury was 1.1% and 1.5% at the two teaching hospitals and ranged from 0.4% to 1.5% at the four community hospitals. The 1106 eligible patients who were not enrolled presented at times when the study nurses were not available. These non-enrolled patients had similar characteristics to those who were enrolled: mean age 41 years, 774 (70.0%) arrived by ambulance, and 8 (0.7%) had clinically important injuries.
The most common positive finding among the criteria of the Canadian C-Spine Rule was adequate ability to rotate the neck (1531 patients [42.1%]) (Table 2) . Overall, only 1909 (52.5%) of the patients were deemed to require ongoing immobilization.
We assessed interobserver agreement for a convenience sample of 498 patients who were examined by a triage nurse and then by a physician (334 [67.1%] of cases) or a second triage nurse (164 [32.9%]). Interobserver assessments for overall interpretation of the Canadian C-Spine Rule for need for immobilization showed simple agreement of 90.5% and kappa of 0.78 (95% CI 0.72-0.84) ( Table 3 ). In addition, agreement for the nine individual components of the rule was also very good, the kappa values ranging from 0.56 to 0.96.
With regard to accuracy of assessment, nurses did not evaluate range of motion, as required by the algorithm, for 181 (5.0%) of the patients, and the investigators later classified these cases as "indeterminate" for the rule. Excluding these indeterminate cases, we calculated sensitivity of 100% (95% CI 91.0%-100.0%) and specificity of 43.4% (95% CI 42.0%-45.0%) for the Canadian C-Spine Rule as interpreted by the investigators (Table 4 ). The nurses' classification of patients according to the Canadian C-Spine Rule had a sensitivity of 90.2% (95% CI 76.0%-95.0%) and a specificity of 43.9% (95% CI 42.0%-46.0%) ( Table 5 ). The overall accuracy of the nurses' interpretation relative to that of the investigators was 92.5%. In the first few months of the study, nurses at the teaching hospitals failed to identify four of the clinically important injury cases (Box 1), despite the presence of factors identified in the Canadian C-Spine Rule as representing high risk (age 65 years, presence of paresthesias or dangerous mechanism). None of these patients experienced an adverse outcome, and we intensified our continuing education efforts with lunch-and-learn sessions and regular newsletters. Of all 3633 patients in the study, including the indeterminate cases, the result of the Canadian C-Spine Rule was negative for 1480 (40.7%), meaning that immobilization of the cervical spine could have been cleared for these patients if the rule was being applied and was interpreted accurately. 
Discussion
This large-scale, multicentre study has demonstrated the reliability, accuracy, acceptability and potential impact of having triage nurses in the emergency department apply the Canadian C-Spine Rule to clinically clear the cervical spine for alert trauma patients in stable condition. The interobserver agreement between nurses and other nurses or physicians in terms of evaluating the overall rule, as well as the components of the rule, was excellent. Although nurses failed to identify four cases of injury early in the study, enhanced training and reminders led to very good accuracy of rule interpretation for the rest of the study. Our findings suggest that about 40% of trauma patients whose condition is stable could have 
Box 1: Clinically important cases of injury to the cervical spine not identified by nurses
Case 1
• Ambulatory 25-year-old patient who had been in a motor vehicle collision
• High-risk criterion overlooked by nurse: paresthesia
• Fracture of superior facet of seventh cervical vertebra involving lateral mass
• Rigid collar was applied, and patient was released Case 2
• Ambulatory 65-year-old patient who fell down stairs onto head and who walked into the emergency department
• High-risk criteria overlooked by nurse: age 65 years, dangerous mechanism
• Teardrop fracture of seventh cervical vertebra with minimal wedging
• Hard collar was applied, and patient was admitted overnight Case 3
• Ambulatory 33-year-old patient who fell down stairs onto head
• High-risk criterion overlooked by nurse: dangerous mechanism
• Traumatic subluxation of third and fourth cervical vertebrae
• Internal fixation was applied Case 4
• Ambulatory 17-year-old patient who was ejected from car in a motor vehicle collision
• Traumatic subluxation of fifth and sixth cervical vertebrae
• Patient was admitted two days later, and a halo was applied immobilization of the cervical spine removed by triage nurses. Finally, the nurses indicated a generally high degree of comfort in applying the Canadian C-Spine Rule for individual patients. The large numbers of patients and nurses in this study, as well as the mixture of large and small hospital sites, contribute to the generalizability of these findings. Implementation programs that are now under way should lead to widespread clearance of cervical spine immobilization by emergency department nurses. Because of the potential for spinal injury, North American emergency care workers go to great lengths to protect the cervical spine of trauma patients. Consequently, regardless of whether neck symptoms are present, most trauma patients transported to hospital in an ambulance are protected by such measures as a backboard, collar and sandbags. 19, 20 Such patients commonly occupy scarce resuscitation bays in the emergency department, with full immobilization, for several hours until radiography or computed tomography of the cervical spine can be performed and the images interpreted. In many cases, prolonged immobilization is unnecessary and adds considerably to patient discomfort. In addition, the delay compounds the burden on crowded Canadian emergency departments in an era when they are under unprecedented pressures. 3, 5, 21 These patients occupy space in the resuscitation room, which is often viewed as the most valuable space within the emergency department. As well, repeated attempts are often needed to obtain satisfactory radiographs of the cervical spine, which consumes valuable time on the part of physicians, nurses and radiology technicians and distracts them from other urgent responsibilities. 4, 22 At the time of writing, we were aware of no US or Canadian hospital where triage nurses in the emergency department had the authority to clinically clear the cervical spine.
Although the concept of having nurses clear the cervical spine was first proposed in 1992, 11 there has been little research in this area. More commonly, investigators have studied evaluation by nurses of ankle and knee injuries. [23] [24] [25] [26] Recent review articles have strongly supported the concept of nurses in the emergency department clinically clearing the cervical spine, [27] [28] [29] but we have been able to identify only four original research papers assessing the potential for nurses to evaluate the cervical spine. Hsieh and colleagues 12 described a small US cohort study that evaluated a nonvalidated clearance protocol, similar to the criteria of the National Emergency X-Radiography Utilization Study (also knowns as NEXUS). The authors evaluated interobserver agreement for 211 patients and concluded that there was good agreement between nurses and physicians for these assessments. Miller and associates, 13 in a study performed in the United Kingdom, evaluated 112 emergency nurses and their interpretation of the Canadian C-Spine Rule in 460 patients. That study also demonstrated good inter observer agreement between nurses and physicians and found that the majority of nurses were comfortable in using the rule. 13 Kelly and coworkers, 14 in Australia, also reported good interobserver agreement between nurses and physicians in interpreting the Canadian C-Spine Rule in 88 patients. In another UK study, Pitt and colleagues 15 had emergency nurses attempt to clear the cervical spine of trauma patients using the NEXUS criteria. In that small study of 112 patients, the nurses actually cleared the cervical spine in 59 cases. To our knowledge, there have been no reports from North America of nurses attempting to clear the cervical spine.
We expect that use of the Canadian C-Spine Rule by nurses will ultimately lead to improved efficiency for Canadian emergency hospitals and increased comfort for individual patients. Injury is an extremely common presentation for all Canadian emergency departments. This validation study represents an important step in extending the responsibility of effective triage of trauma patients to nurses across Canada and elsewhere. Canadian nurses currently do not evaluate patients for potential injury of the cervical spine, a task performed exclusively by physicians. We believe that use of the Canadian C-Spine Rule has the potential to improve the efficiency of patient flow in busy Canadian emergency departments and to increase the autonomy of the nursing profession in managing low-risk trauma patients. We expect the results of this study to be applicable to triage nurses in emergency departments throughout Canada. We are currently conducting an implementation study in which triage nurses are clearing the cervical spine and removing neck collars and other immobilization devices. We expect that this approach will eventually be adopted as standard nursing practice in all Canadian emergency departments.
Limitations
The study had several potential limitations. First, it was a valid ation study, in which we evaluated the accuracy of nurses' interpretation of the Canadian C-Spine Rule but did not have the nurses actually remove immobilization devices. Second, the interobserver cohort was assembled on a purely convenience basis, which might have introduced some selection bias or inflated the kappa values. Nevertheless, the sample of 498 cases is far larger than we achieved in previous derivation and validation studies with physicians. 8, 9 Third, the nurses failed to identify four cases of important injury early in the study, which meant that the overall sensitivity among nurses was 90.2%. However, in the comparable physician validation study, physicians missed and sent home 9 of 169 patients with clinically important injury without any patient harm. 9 We believe that interpretation of this rule by nurses is both reliable and safe but that appropriate emphasis on highrisk factors is important in teaching and refresher sessions. It is also important to remember that these patients are at very low risk, are usually capable of ambulation and will be assessed by a physician before discharge. Finally, we were obliged to classify the result of the rule as indeterminate for 5.0% of the patients, because rotation of the neck was not assessed, even though these patients were found to be at low risk. We view this as a conservative approach by nurses in specific cases where they were uncomfortable assessing rotation. Notably, physicians did not evaluate range of motion in 2.6% of cases in the physician validation study. 9 
Conclusions
We found that use of the Canadian C-Spine Rule by emergency nurses was accurate, reliable and clinically acceptable.
Widespread implementation by triage nurses would prevent prolonged and uncomfortable immobilization for many trauma patients in emergency departments throughout Canada and elsewhere. This would diminish patient discomfort and improve patient flow in overcrowded emergency departments.
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